This paper analyzes the mixing characteristics of the Subarctic Front (SAF) in the Kuroshio-Oyashio Confluence Region based on temperature, salinity, and current data obtained from surveys and remote sensing in June 2016. The frontal zone of the observed area is at 1458-1518E, 388-418N. The front is distributed between 25.5-26.7 s u in a band pattern inclined from north to south and is deeper in the south. The region shallower than 200 m and distributed along the isopycnal of 25.9-26.1 s u has the strongest horizontal temperature and salinity gradients, and the largest of the former can reach over 0.78C/km. Diapycnal mixing of the SAF is mainly turbulent; it is stronger in the north than in the south. The region with stronger turbulence (K r > 10 À3.5 m 2 /s) is distributed mainly in water layers within and under the front (26.1-26.7 s u ), showing that the SAF is shallower in the north and deeper in the south along the front. Symmetric instability may be the main factor causing strong turbulent mixing in the frontal zone. Double diffusion mixing is stronger in the south than in the north; the region with stronger double diffusion (K u > 10 À4.5 m 2 /s) is distributed mainly in water layers within and above the front (25-26.5 s u ) on the southern side of the SAF. These water layers are dominated mainly by``salt-fingering'' double diffusion, with only a few water layers dominated bỳ`d iffusive layering'' double diffusion mixing in middle and lower waters deeper than 300 m.
Introduction
and Talley (1996) discovered that regions, where the horizontal temperature and salinity gradients of the SAF are high, are located mainly at 408-448N, with the temperature front in the west stronger than that in the east. Nakamura and Kazmin (2003) indicated that changes in low-frequency sea surface temperatures (SSTs) would result in the SAF changing from north to south and cause the long-term change in a temperature front dominated by a 10-year cycle (Nakamura et al., 1997) . In addition, some numerical studies showed that weather-and planetary-scale atmospheric fields could respond to changes in the intensity of the SAF (Kwon and Deser, 2007; Nakamura et al., 2010; Sampe et al., 2010; Taguchi et al., 2009) .
However, there are few studies on diapycnal mixing in the SAF, and no explicit conclusions have been drawn regarding its mixing characteristics. Therefore, this paper analyzes the temperature, salinity, current structure, and diapycnal mixing characteristics of the SAF in the KOCR, and discusses the reason for strong turbulence in the SAF region based on observations from a cruise from June 1 to 2, 2016.
This article is organized as follows. In Section 2, we introduce the data and observation information. In Section 3, we analyze the temperature, salinity, and current in the SAF region and the structural characteristics of the SAF. In Section 4, we analyze the mixing characteristics of the SAF region and in Section 5, we discuss the mechanism of strengthening turbulent mixing in the same. Finally, in Section 6, we present our conclusions.
Field experiments and data analysis
2.1. Observations of the subarctic front (SAF) in the Kuroshio-Oyashio confluence region (KOCR)
The absolute dynamic topography (ADT), sea surface temperature (SST), and sea surface geostrophic flow system of waters surrounding the SAF from June 1 to 2, 2016, based on satellite altimeter (Archiving Validation and Interpretation of Satellite Oceanographic data, AVISO) and Optimum Interpolation Sea Surface Temperature (OISST) records (Reynolds et al., 2007) , are shown in Fig. 1a . Shipboard observations were carried out in the region between 146.758-148.758E and 388-408N (Fig. 1b) . The ADT in this region is high in the south and low in the north; the ADTof the Kuroshio Extension, in the south of the frontal zone, can reach above 1.4 m but that of Oyashio, in the north, is only around 0.3 m. This presents an ADT variation of about 1 m in the frontal zone. The SST in the southern Kuroshio Extension is over 208C while that of Oyashio is below 108C, resulting in a temperature gradient of up to 0.18C/km. There are also many eddies in the surrounding regions; cyclonic eddies are located mainly in the Oyashio area, anticyclonic eddies are located mainly in the sea near the Kuroshio Extension, and there is an obvious anticyclone in the southeastern part of the observed area.
Thus, we organized the cruise into six sections so that we could observe all the structural characteristics of the front. The average length of sections S01-S03 was about 70 km, and that of sections S04-S06 ( Fig. 1c ) was about 12 km. Fourteen Expendable Conductivity-Temperature-Depth (XCTD) observation stations (XCTD-1, Tsurumi-Seiki Co. Ltd., Japan) with a sampling frequency of 25 Hz and vertical resolution of 0.14 m were deployed along Section S01; fifteen and thirteen of these were deployed, respectively, along Section S02 and Section S03, at horizontal intervals of about 8 km. Further parameters of the XCTD stations are shown in Table 1 . For intensive observations within the frontal zone, we deployed 16, 11, and 11 XCTD observation stations along Sections S04-S06, respectively, with horizontal intervals of 3 km. Further details of each section are shown in Table 2 .
Data and methods

Processing the vessel survey data
The XCTDs provided good quality deep temperature and salinity data. However, the temperature profiles also showed distinct spectral spikes at 5 and 10 Hz, which is a common phenomenon in XCTD profiles from subtropical and subpolar waters (Gille et al., 2009 ). Five-point smoothing was used to remove this disturbance and retain the authenticity of the data as much as possible according to the method in Gille et al. (2009) . The current data were obtained through observations with 38k and 150k Shipboard Acoustic Doppler Current Profilers (SADCPs) (Teledyne RD Instruments, United States of America; further parameters shown in Table 3 ) at intervals of 0.16 km and vertical resolutions of 24 m and 8 m. To obtain higher quality flow field data, we merged and processed the data from both SADCPs.
Parameterization
To understand the mixing characteristics of SAF, this paper uses the Thorpe method to calculate turbulent eddy diffusivity (K r ) and quantify turbulent mixing; calculates the thermal diffusivity (K u ) and analyzes the diapycnal mixing characteristics caused by double diffusion with two thermohaline parameterizations; and calculates the Turner Angle (Tu) to analyze the double diffusion characteristics of the frontal zone.
a. Thorpe scale method The dissipation rate e of turbulent energy is calculated using the Thorpe scale L T in the formula e ¼ c 1 L 2 T N 3 (Thorpe, 2005) , where L T is the root mean square of distance moved after formation of stable density profiles due to the rearrangement of sea water mass points on the actual density profile; c 1 = (L 0 /L T ) 2 [ 1 8 1 _ T D $ D I F F ] where the value of c 1 in this study is 0.64 and L 0 is the Ozmidov scale (L o ¼ hei 1=2 N À3=2 ) (Dillon, 1982) ; and N 3 is the cubic value of buoyancy frequency given by N 3 = (Àg @ s u /r 0 @ z) 3/2 [ 1 8 3 _ T D $ D I F F ] .
The resolution of the data also affects the calculation of the Thorpe scale. Galbraith and Kelley (1996) believe that about five sample points are needed to accurately identify turbulence overturns; therefore, turbulence overturns of vertical scale (H min ) greater than 5 d z (where d z is the vertical resolution) are effective. Therefore, H min < 5 d z are removed. Galbraith and Kelley (1996) also point out that H min should be greater than 2 dr @r=@z .
These calculations to find e are needed to determine the eddy diffusivity K r , which uses the formula [ 1 8 4 _ T D $ D I F F ] K r = Ge/N 2 (Osborn, 1980) where G is a mixing efficiency of 0.2.
b. Thermohaline parameterization The diapycnal mixing of the SAF caused by double diffusion is quantified by two thermohaline parameterizations used to calculate the thermal diffusivity K u : the k-profile parameterization (KPP) scheme (Fedorov, 1988) for the region of the front with a density ratio of 0 < R r < 1 and the scheme from Radko et al. (2014) for the region of the front with a density ratio of R r > 1.
For the former, K u ¼ 0:909nexpð4:6exp½À0:54ðR À1 r À 1ÞÞ where n is the molecular viscosity of seawater (1.8 Â 10 À7 m 2 /s in this paper) and R r is the density ratio aQ z bS z when Q z is the vertical potential temperature gradient after smoothing;
S z is the vertical salinity gradient after smoothing; a (Àr À1 @ r/ @ Q) is the thermal expansion coefficient of seawater
is the salinity contraction coefficient; and r is the seawater potential density. When 0 < R r < 1, the thermohaline stratification of the water is favorable for``diffusive layering'' (DL) (Kelley et al., 2003) ; when R r > 1, the thermohaline stratification of the water is favorable for``salt fingering'' (SF) (Stern and Turner, 1969) .
In a region with a density ratio [ 1 8 7 _ T D $ D I F F ] R r > 1K u = F s k t g, F s = a s (R r À 1) À0.5 + b s , g = a g exp(Àb g R r ) + c g , a s = 135.7, b s = À62.75, a g = 2.709, b g = 2.513, and c g = 0.5128.
c. Turner angle Density ratio R r is not as intuitive as Turner angle Tu [8] although it can also be used to analyze the double diffusion characteristics, thus this paper uses the Tu to analyze the double diffusion characteristics. Tu is calculated using the formula
where the parameters are the same as density ratio (R r ). When À908 < Tu < À458, conditions are favorable for diffusive layering; when 458 < Tu < 908, they are favorable for salt fingering; when À458 < Tu < 458, there will be no double diffusion in the water body; and if Tu gets close to AE908, the double diffusion intensity increases.
Diagnosis parameters
The gradient Richardson number (Ri), potential vorticity (q), and effective Coriolis parameter ( f eff ) are required to measure the Kelvin-Helmholtz instability (KI), symmetric instability (SI), and near-inertial internal waves (NIWs).
a. The gradient Richardson number (Ri) The Ri is calculated using the formula Ri = N 2 /(u z 2 + ve z 2 ), where u z and v z represent the vertical shear of zonal and meridional velocity of the SADCP. When Ri < 0.25, there is KI in the water; when 0.25 < Ri < 1, there is SI in the water instead (Stone, 1966) .
b. Potential vorticity (q) q is calculated using the Ertel potential vorticity formula (Hoskins, 1974; Jing et al., 2016) , expressed as follows:
where q v and q h represent the vertical and horizontal components, respectively; f stands for the Coriolis parameter; z = v x À u y and represents the relative vorticity; N 2 = Àg @ s u /r 0 @z and is the square of the buoyancy frequency; b = gs u /r 0 represents buoyancy; g is gravitational acceleration; s u is the potential density after smoothing and r 0 is the reference density (=1024 kg/m 3 [ 1 8 9 _ T D $ D I F F ] ). When q < 0, there is SI in the water (D'Asaro et al., 2011) . c. The effective Coriolis parameter ( f eff ) NIWs can initially be determined using the effective Coriolis parameter ( f eff ), calculated by Jing et al. (2017) as follows: where z = v x À u y is the relative vorticity (with v x and u y still representing the vertical shear of the zonal and meridional velocity of the SADCP) and S s = v x + u y is the shear strain. As the front zone is assumed to be geostrophic, and thus horizontally nondivergent, S n = 2u x = À2v y . Kunze (1985) pointed out that a region of strong positive vorticity ( f eff > f) can be a barrier to reflect NIWs with inherent frequencies of v < f eff , while a region with weak effective Coriolis parameter ( f eff < f) can trap NIWs.
Structural characteristics of the SAF
In this section, we use Section S02 as an example with which to understand the structural characteristics of SAF, and analyze the temperature, salinity, and currents in this region based on 65 thermohaline profiles from XCTDs S01-S06 and current data from 38k and 150k SADCPs obtained on a cruise conducted from June 1 to 2, 2016.
Hydrographic characteristics of SAF waters
The temperature, salinity, and current distributions of the observed area are shown in Fig. 2a, b , c, f. There is cold and fresh Oyashio water in the northern part of the SAF and warm and salty KE water in the south. The former mainly appears in the region less dense than 26.5 s u with the potential temperature of <108C, but the surface water is warm and fresh with temperatures >118C and salinity of about 32.5. KE water mainly appears in the region less dense than 26.3 s u with the potential temperature of >158C and salinity above 34. In addition, there is a clear low saline layer (with a salinity of 33-33.5) between 26.5-26.9 s u that originated from Oyashio; Hasunuma (1978) and [ 1 9 0 _ T D $ D I F F ] Talley (1993) consider that this low saline layer belongs to the NPIW.
The background current in SAF region heads eastwards, which is roughly consistent with the direction of flow in the Kuroshio Extension Region (Fig. 1a) . The flow velocity is higher in the southern part of the frontal zone (up to 2 m/s) than in the north (about 0.3 m/s). The weak, shallow (less than 200 m) southward flow at 38.38N (Section S02, Fig. 2f ) is caused by the east wing of an anticyclonic eddy (Fig. 1a) in the southern part of the frontal zone. Section S01 and Sections S03-S06 of the front have structural characteristics similar to Section S02; the difference is that Sections S03-S06 are obvious westward zonal currents caused by the significant effect of the west wing of an anticyclonic eddy (Fig. 1a ).
Structural characteristics of the SAF
The horizontal gradient of the water temperature is shown in Fig. 2d . The front is distributed between 25.5 and 26.7 s u in a band pattern inclined from north to south. As the depth increases, the front moves southwards; the mean horizontal width of the front is about 20 km and it can reach up to 25 km at locations 100 m deep. The narrowest part is only 13 km at a location 50 m deep. In the vertical direction, the front is shallower than 400 m but deepens southward. The region with the highest front intensity (horizontal temperature and salinity gradient) is shallower than 200 m, and the temperature gradient there can reach over 0.78C/km. The intensity gradually weakens as depth increases. The structural characteristics of the horizontal salinity gradient ( Fig. 2e ) are consistent with those of temperature gradient (Fig. 2d ), but the intensity is only 1/8 that of the temperature gradient. In this text, the term "SAF" refers mainly to the temperature front, and we take a horizontal ship-measured temperature gradient of > 0.28C/km as the front zone.
[ ( F i g u r e _ 2 ) T D $ F I G ] 
Characteristics of mixing in the SAF region
As shown in Nagai et al. (2009 Nagai et al. ( , 2015a Nagai et al. ( , 2015b , there is strong and turbulent mixing and double diffusion in the Kuroshio front. The SAF, which is geographically close to it, has a large temperature gradient; however, there are few studies on its mixing characteristics. Therefore, to understand the mixing characteristics of the SAF, this section takes Section S02 as an example and uses the Thorpe method to calculate the turbulent eddy diffusivity (K r ) of the frontal zone, thereby analyzing the turbulent mixing in the region. In this section, we calculate the thermal diffusivity (K u ) of the frontal zone to analyze the diapycnal mixing characteristics caused by double diffusion with thermohaline parameterizations and use the Turner Angle (Tu) to analyze the double diffusion characteristics of the same area.
Distribution of turbulence and double diffusion mixing in the frontal zone 4.1.1 Characteristics of turbulent mixing
The characteristics of the distribution of K r in Section S02 are shown in Fig. 3a ; K r ranges from 10 À6 -10 À3 m 2 /s, and is quite low (<10 À5 m 2 /s) for water layers less dense than 26.1 s u . North of 38.48N, waters with low K r are located mainly in areas shallower than 50 m; south of this latitude, waters with low K r may be as deep as 200 m, possibly related to strong mechanical stirring within the KE region and the shallow sea. These waters can be mixed evenly by mechanical stirring, which could lower the Thorpe displacement and thus result in a small K r value.
There is strong turbulence in water layers below the 26.1 s u , and K r is greater than 10 À5 m 2 /s where the strong turbulent mixing region (>10 À3.5 m 2 /s) is distributed mainly in water layers of 26.1-26.7 s u . South of 38.48N, the strong turbulent mixing region gradually becomes deeper and can reach up to 400 m at 38.38N. The strong turbulent mixing region is distributed mainly along the front (Fig. 2d ) and, north of 38.48N, in waters under the front deeper than 50 m. It is located both in and under the front at depths greater than 150 m in the south, And in waters south of 38.38N, the strong turbulence region can reach 26.9 s u . The characteristics of the distribution of K r in other sections are similar to the ones here.
Characteristics of double diffusion mixing
The characteristics of the distribution of K u in S02 are shown in Fig. 3b . The K u of the frontal zone is located between 10 À6 and 10 À4 m 2 /s, which is generally lower than K r . The water layers at 25-26.1 s u have a high K u (>10 À4.5 m 2 /s), unlike the upper layer in which the K r value is lower. Waters with K u values >10 À4.5 m 2 /s are located mainly in regions less dense than 26.5 s u , both within and above the front (25-26.5 s u ), and waters with high K u (>10-4.5 m 2 /s) are distributed along the front in a manner similar to K r . As the front deepens continuously from north to south, waters with higher K u also deepen to up to 400 m. Therefore, diapycnal mixing caused by double diffusion takes place mainly above the front, especially in the upper sea less dense than 26.1 s u .
The distribution of Tu in the frontal zone (Fig. 4) shows that water layers above 26.5 s u with high K u values would promote the development of SF-type double diffusion, while those denser than 26.5 s u would promote the development of DL-type double diffusion. Therefore, in areas of the sea that are less dense than 26.5 s u , especially those in the upper sea less dense than 26.1 s u , SF is the key factor causing diapycnal mixing. In water layers denser than 26.5 s u , the "thermohaline staircase" (Schmitt et al., 1987) can be observed although K u is quite low at depths greater than 300 m. This indicates that the diapycnal mixing of these layers, which are concentrated mainly in the NPIW layer, is caused by DL-type double diffusion although there are also a few instances of SF-type double diffusion.
Characteristics of mixing in different regions of the SAF
To further analyze the relationship between turbulent and double diffusion mixing, and the characteristics in different regions of the frontal zone, we select all stations in Section S02 to calculate the mean values of K r and K u at 30-560 m, which are about 10 À4.1 [ 1 9 1 _ T D $ D I F F ] m 2 /s and 10 À5.1 m 2 /s, respectively; from this, we know that the diapycnal mixing of Section S02 is generally turbulent. In addition, K r is weak in the south and strong in the north, while K u is strong in the south and weak in the north (Fig. 5 ). This means that in the southern part of the SAF, K r is lower (about 10 À4.2 m 2 /s) than in the middle (about 10 À4.1 m 2 /s) and in the north (about 10 À4 m 2 /s). Similarly, K u is higher (about 10 À5 m 2 /s) in the southern part of the SAF than it is in the middle (about 10 À5.1 m 2 /s) and northern (about 10 À5.2 m 2 /s) regions. The other regions also show such characteristics.
[ ( F i g u r e _ 3 ) T D $ F I G ]
To understand the mixing characteristics in the southern, middle, and northern regions of the SAF in detail, we select stations 15, 21, and 28 as three typical representative profiles from Section S02. These three stations are located at 148. 588E, 38.258N; 147.808E, 38.648N; and 147.428E, 39 .098N. We also calculate the buoyancy frequency, Tu, and Ri for K u and K r ; all of these are shown in Fig. 6 .
Station 15, located in the southern part of the SAF, has a relatively high temperature, salinity, stable stratification, and Ri value; its middle and upper layers can promote SF-type double diffusion, while its middle and lower layers can promote DL-type double diffusion. The distribution of K u and K r shows that the former is significantly higher than the latter in the waters shallower than 200 m, so diapycnal mixing is caused mainly by SF-type double diffusion. As the depth increases, the K r values gradually increase to 10 À3 m 2 /s in waters deeper than 200 m while K u remains at 10 À5 -10 À4 m 2 /s, indicating that diapycnal mixing is caused mainly by turbulent mixing in waters deeper than 200 m.
Station 21, located in the middle of the frontal zone, has stable stratification and the temperature and salinity fall rapidly with increasing depths due to the effect of Oyashio. The water layer of this station is not conducive to generating SF-type double diffusion, but it is conducive to generating DLtype double diffusion; K u is about 10 À5 m 2 /s and K r is between 10 À5 and 10 À3 m 2 /s. Therefore, diapycnal mixing is caused mainly by turbulent mixing.
Station 28, located in the northern part of the frontal zone, has characteristics similar to Station 21 except for its potential temperature-salinity scatter, which is mainly concentrated in regions cooler than 48C. The characteristics of Tu for this station show that strong turbulent mixing occurs here; there are many water layers not favorable for double diffusion (À458 < Tu < 458). The mean values of K u and K r are about 10 À5 m 2 /s and 10 À4 m 2 /s, indicating that the diapycnal mixing is caused mainly by turbulence.
These results show that the characteristics of mixing vary in different regions of the SAF. Although the diapycnal mixing is caused mainly by turbulence, there is obvious double [ ( F i g u r e _ 4 ) T D $ F I G ] Figure 4 Distribution of the Turner angle (Tu) (Ruddick, 1983) of the section S02. The gray contour lines are isopycnal and the black dashed lines represent the location of the front with a horizontal temperature gradient > 0.28C/km.
[ ( F i g u r e _ 5 ) T D $ F I G ] Figure 5 Mean values (30-560 m) and standard deviations of K r (m 2 /s, black solid line) and K u (m 2 /s, gray solid line) of all stations in Section S02. The areas between the vertical gray dotted lines represent the southern, middle, and northern regions of the SAF, respectively (each with a horizontal sea surface temperature gradient < 0.088C/km). The black and gray dotted lines are the trend lines of the least square fit of K r and K u , respectively. diffusion in the southern part of the SAF. The diapycnal mixing in waters shallower than 200 m is caused mainly by SF-type double diffusion. The depth increases the turbulence functions which are gradually strengthened and diapycnal mixing is caused mainly by turbulence. In the middle and northern part of the SAF, the diapycnal mixing is caused mainly by turbulence; diapycnal mixing caused by double diffusion is weak, making conditions more favorable for the development of DL-type double diffusion.
Discussion
By analyzing the mixing characteristics of the SAF, we found that diapycnal mixing is dominated mainly by turbulent mixing in the frontal zone; the K r near the front can reach 10 À4 -10 À3 m 2 /s, which is 1-2 magnitudes higher than in the open ocean. We use S02 and S03 as examples to discuss the strengthening mechanism of turbulent mixing in the SAF region.
The shear or Kelvin-Helmholtz instability (KI) and symmetric instability (SI) can strengthen turbulent mixing (D'Asaro et al., 2011) ; the latter can also effectively extract kinetic energy from the geostrophic frontal jet and feed a turbulent cascade to dissipation. Here, we measure this instability using the gradient Richardson number (Ri) and potential vorticity (q).
The Ri and q of Section S02 are shown in Fig. 7a and b . The region in which 0.25 < Ri < 1 basically corresponds to those in which q < 0; these are concentrated in the water layers near the front where 25.5-26.7 s u , indicating that SI occurs in these layers. The negative value region of q corresponds, simultaneously, to the strong turbulent mixing region; thus, the strong turbulent mixing (K r ! 10 À3.5 m 2 /s) of water layers near the 26.1-26.7 s u front at Section S02 is closely related to SI. However, there is a large difference between Section S03 ( Fig. 7d and e ) and Section S02. The values of q corresponding to other regions with strong turbulent mixing are basically greater than 0 (Fig. 7e) ; the exception is the relationship between strong turbulence and SI near 38. 158N and 38.48N at 26.5-26.7 s u , which indicates that SI is not the main reason for the increased turbulence in Section S03. The horizontal temperature gradient and logarithmic distribution of K r in Section S03 are presented in Fig. 8a and b , respectively.
The characteristics of the Ri of Section S03 (Fig. 7d) shows that there are many water layers with KI (Ri < 0.25) and that these regions have a high K r (!10 À3.5 m 2 /s), which strengthens the turbulence in this Section. At the same time, there are also several smaller regions of KI in Sections S01 and S02, which also correspond to high K r values (! 10 À3.5 m 2 /s). This shows that KI is the main reason for increased turbulence in this region.
In addition, near-inertial internal waves (NIWs) may also strengthen the turbulent mixing (Whitt and Thomas, 2013) .
As shown by the characteristics of the effective Coriolis parameter ( f eff ) in Section S02 (Fig. 7c) , the water layers at 25.5-26.7 s u near the front are basically located at the NIWs barrier layers with f eff > 1.2f, further indicating that NIWs are not the main factors strengthening the turbulent mixing [ ( F i g u r e _ 6 ) T D $ F I G ] Figure 6 Distribution of temperature-salinity (T-S), N 2 [ 1 7 9 _ T D $ D I F F ] , Tu, log (Ri), log (K r ), log (K u ) for stations 15, 21, and 28, three typical profiles from Section S02, arranged from top to bottom. In the T-S scatterplot, the black and blue contours represent potential density; N 2 = 0, as shown with red dotted lines; Tu = AE458, as shown by the red and blue dotted lines; Ri is shown in logarithmic form, where Ri = 1 and 0.25 are the blue and red dotted lines, respectively; and log (K r ) and log (K u ) are presented by black and red solid lines, respectively.
of Section S02, except in areas on the southern side of 38.38N. Section S01 is similar to Section S02; at the front in Section S03 (Fig. 7f) , there is an obviously high K r (!10 À3.5 m 2 /s) and low Ri (<0.25) in areas shallower than 200 m north of 38.58N and deeper than 150 m north of 38.48N. At the same time, these KI regions have a fine vertical spatial continuity and scale structure, and f eff is generally lower than f. The results suggest that NIWs may be a possible reason for KI, which strengthens turbulence, in these two regions.
Thus, the strong turbulence in the water layers at 26.1-26.7 s u and 26.5-26.7 s u in Sections S02 and S03 near 38.158N and 38.48N, respectively, is closely related to SI. The turbulent mixing in Section S03 may be strengthened by KI. In Sections S01 and S02, SI may be the main reason for the strengthened turbulent mixing in the frontal zone. Lastly, NIWs could be the factors causing KI in the front at areas shallower than 200 m north of 38.58N and deeper than 150 m north of 38.48N.
[ ( F i g u r e _ 7 ) T D $ F I G ] 
Conclusion
This paper presents the results of studies on the mixing characteristics of the SAF in the KOCR, and analyzes of the temperature, salinity, current structural characteristics, and mixing characteristics of the SAF. Using data from cruising observations and the AVISO and OISST satellite altimeter datasets to calculate parameters such as the Turner angle (Tu), turbulent eddy diffusivity (K r ), thermal diffusivity (K u ), and gradient Richardson number resulted in the following conclusions:
1. There is cold and fresh Oyashio water in the northern part of the SAF, and warm and salty Kuroshio Extension water in the southern region. The SAF is located between 25.5 and 26.7 s u in a band pattern inclined north to south. As the depth increases, the front moves southward with a gradually weakening intensity. The background current is eastward, with a high and low flow velocity, respectively, in the south and north. There are numerous eddies in the waters around the SAF. 2. Diapycnal mixing in the SAF zone is mainly turbulent, and it is stronger in the north than in the south of the frontal zone. The region with strong turbulence (K r > 10 À3.5 m 2 / s) is distributed mainly in water layers within and under the front (26.1-26.7 s u ) and it is shallow in the north and deep in the south. The region with strong double diffusion (K u > 10 À4.5 m 2 /s) is distributed mainly in water layers (25-26.5 s u ) within and above the front, in the southern part of the SAF, with a depth gradient similar to that of turbulence. These water layers are dominated mainly by salt-fingering double diffusion, while the middle and lower regions deeper than 300 m also have a few layers dominated by diffusive-layering double diffusion mixing. 3. Symmetric instability may be the main factor strengthening turbulent mixing in the frontal zone, but shear instability causes it in other zones. Shear instability within the front in regions shallower than 200 m north of 38.58N, and in layers deeper than 150 m north of 38.48N in Section S03, may be related to near-inertial internal waves.
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